The rising global tide of antimicrobial resistance is a well-described phenomenon. Employing effective and innovative antimicrobial stewardship strategies is an essential approach to combat this public health threat. Education of the public and patients is paramount to enable the success of such strategies.
Introduction
The increase in antimicrobial consumption is a well-recognized driver for the development and dissemination of antimicrobialresistant microorganisms. Controlling the use of antimicrobial agents and educating clinicians, patients and the general public about the judicious use of these drugs, is the cornerstone of any robust antimicrobial stewardship (AMS) strategy.
The National Institute for Health and Care Excellence launched guidance on AMS 1 and a Patient Safety Alert 2 was published soon after. Both highlighted the central role that patients play in supporting AMS. In this paper, we focus on the knowledge that patients and the public currently demonstrate on key aspects of antimicrobial resistance (AMR) and AMS. A systematic review by McCullough et al. 3 explored the public knowledge and beliefs about AMR. From the 54 articles selected for final analysis, the authors highlighted how the public had inadequate understanding about the causes and determinants of antibiotic resistance and experienced feelings of powerlessness about the development of AMR. This paper also stressed the urgent need to design and implement effective interventions targeted at shaping public perception and beliefs on AMR. 3 However, it did not include data from two large Eurobarometer surveys conducted by the EU in 2009 and 2013, 4 -6 which found that from 2009 to 2013 there was an increase in the proportion of respondents who stated that antibiotics do not kill viruses and are not effective against cold and flu.
A Wellcome Trust report 7 also demonstrated that the language and communication used in public campaigns focusing on AMR had failed to achieve the desired effect on the public.
Methods
Using a simple quiz, we explored patients' and the general public's perceptions on common AMR and AMS messages during European Antibiotic Awareness Day (EAAD) 8 activities held on 18 November 2015 at a large teaching hospital in the east of England. Consultant medical microbiologists, antimicrobial pharmacists, an antimicrobial pharmacy technician and pre-registration pharmacists designed a short quiz with true/false statements (available as Supplementary data at JAC Online) and piloted it for validity and reliability prior to launch. An educational leaflet featuring the correct replies and signposting to local NHS services was also prepared. The quiz was distributed and collected by two hospital volunteers and preregistration pharmacists to all patients and/or visitors attending outpatient clinics and the hospital outpatient pharmacy on 18 November 2015 (1 day). As an incentive to participate, if willing, participants were entered into a draw for high-street shopping vouchers worth £40. Each participant received an educational leaflet containing the correct answers and supporting information following completion of the survey (available as Supplementary data at JAC Online). Ethics approval was not sought, as this was considered a routine part of the hospital's annual EAAD activities. No demographic data were requested and all replies were anonymous (an e-mail/phone number was only requested for practical purposes if the participant wanted to enter the prize draw).
The questions (Table 1) included the following core elements: † An understanding of the term 'antimicrobial resistance' (AMR). † Common messages around infection and antimicrobials evident from media campaigns 9 (CM). † General knowledge around infections and antimicrobials (GK). † An understanding of the term 'antimicrobial stewardship' (AMS).
Results and discussion
In all, 145 completed quizzes were returned, providing 1450 answers. Overall, 934 of 1450 (64%) statements were scored correctly whilst 481 (33%) were scored incorrectly; 35 (3%) statements were left unscored (Figure 1 ). We speculate that these results may demonstrate that respondents understood the statements as only a small proportion of statements were left unanswered.
Moreover, Q1 (dealing with AMR) and Q10 (dealing with AMS) obtained the most incorrect replies (85% and 72%, respectively) ( Figure 1 ). It was interesting to note that Q4, which concerned MRSA and was a specific factual recall question regarding only one microorganism, received the most correct responses (99%). This contrasted to limited knowledge about Escherichia coli being the most common cause of urinary tract infection (Q5; 35% answers correct). We postulate that this may be the result of media campaigns around MRSA and perhaps similar measures should be adopted to promote better understanding of AMR and AMS. Also in the UK, the role of charities such as MRSA Action UK may play an important role in disseminating knowledge about antimicrobial-resistant microorganisms such as MRSA and similar tactics employed by such agencies could be adopted by public health bodies.
Half of respondents thought that diarrhoea might be due to an allergy (Q7). The Eurobarometer surveys 5, 6 also asked a similar question in 2009 and 2013, i.e. 'Taking antibiotics often has sideeffects such as diarrhoea'. The proportion of correct (UK) replies in 2009 was 69%, but decreased slightly to 64% in 2013. 4 -6 Our results mirror the findings recently reported in the literature, particularly in relation to misconceptions around the development of AMR. 3, 7, 10 Our study showed that 95% of respondents knew that colds could not be treated with antibiotics (Q3), which was very encouraging. This contrasted with a study that found that overall, only 50% of the EU population knew this, though this figure rose (65% -70% for UK respondents) between 2009 and 2013. 4 -6 In addition, a Kuwaiti study 11 sought to explore the public's opinion on this topic and asked participants to respond to the statement 'Antibiotics are effective against viruses'. From a total of 680 respondents, only 17.9% strongly disagreed with the statement, 11.9% disagreed and 24.0% were uncertain. Interestingly, 36.2% agreed and 10.0% strongly agreed, despite the fact that this was an incorrect statement. 11 In light of recent guidance in the UK focusing specifically on the AMS, 1,2 which also places patients at the centre of care, we highlight the current lack of understanding of patients and the general public on fundamental concepts around AMR and AMS. Separately, we have also recently reported on the lack of currently available evidence-based AMS e-health technological tools for education and training of patients and the public 10, 12 and the urgent need for an evidence-based electronic resource, such as a smartphone application, to help address some of the knowledge gaps and misconceptions. 10 The need for comprehensive/multimodal mass media campaigns, including behavioural science strategies has also been described. 13 As EAAD campaigns conducted annually across Europe require significant time, resources and financial investments, often involving national governments and agencies, ensuring these campaigns are successful is of paramount importance. 14 Huttner et al., 15 in 2010, identified and reviewed the characteristics and Q1. Antimicrobial resistance develops as our bodies get used to the antibiotics we take. Q2. Antimicrobial resistance is a global problem. Q3. Colds can be cured with a course of antibiotics. Q4. MRSA is a type of cancer.
Q5.
E. coli is a type of bacteria which is the most common cause of urinary or bladder infections.
Q6. It is important to avoid alcohol intake while taking the antibiotic metronidazole.
Q7. If you experience diarrhoea while taking a penicillin antibiotic, this may mean that you have an allergy.
Q8. Antibiotic eye drops can cure all cases of conjunctivitis (eye infection).
Q9. Being over 65 years of age increases your risk of developing

Clostridium difficile
infection.
Q10. Antimicrobial stewardship is an important part of all shipping protocols.
Right answers Wrong answers
No answer Figure 1 . Distribution of responses to the statements in EAAD quiz obtained from the 145 respondents (n¼145).
Should public campaigns change focus?
JAC outcomes of 22 campaigns done at national or regional level in high-income countries between 1990 and 2007. The authors found that the intensity of the campaigns varied considerably and ranged from simple internet to expensive mass-media campaigns. They concluded that although robust evidence is lacking, it seems that public campaigns may probably contribute to more judicious use of antibiotics in outpatient settings in high-income countries. 15 We did not obtain demographic data of participants (e.g. age, gender), and we did not collect data on people who declined to participate, so we cannot speculate whether there was any selection bias. The hospital setting may have introduced bias, as these people may be more knowledgeable than members of the general population. The number of participants is also smaller than other studies.
We believe that quizzes similar to ours, together with targeted focus groups, could be employed as part of regional and national multimodal media campaigns to help address these misconceptions and gaps in public and patient knowledge and would help contribute to shape a better understanding of the issues associated with AMR and the vital importance of AMS.
